LETTERS

Princeton Fusion Experiment

I would like to correct several state-
ments and point out important omissions
in the article ‘‘Report of fusion break-
through proves to be a media event’’ by
William D. Metz (News and Comment, 1
Sept., p. 792).

e While the Alcator device at MIT
holds the record value of density-con-
finement time product, it has never held
the ‘‘nearness-to-breakeven’ record.
This quantity is usually measured by Q,,
the ratio of equivalent fusion power in
deuterium-tritium operation to plasma
heating power. The maximum value of
Q, obtained in the ohmic-heated Alcator
has been 4 X 1075, In the autumn of
1977, the Princeton Large Taurus (PLT)
with 1 megawatt of neutral beam injec-
tion obtained a @, of 0.002. In the PLT
experiments of July and August 1978,
with 2 megawatts of neutral beam injec-
tion, Q, was increased to at least 0.008.

e The tokamak was not ‘‘invented in
1968, but in fact was under develop-
ment in the Soviet Union in the mid-
1950’s. It was in 1968 that the Soviets re-
ported the startling results from their T-3
machine, which clearly established the
tokamak as the front-runner of all con-
trolled fusion concepts. This event has
since been matched in importance in to-
roidal fusion research only by Alcator
achieving, in 1975, a density-confine-
ment time product of 1 X 10" cm™
sec, and by the PLT results of 1978 (/).

e The exposure of the once-feared
trapped-ion instability as a chimera is
certainly an important result of the PLT
experiments. However, if your reporter
had questioned a number of practical fu-
sion researchers, as distinct from theo-
reticians with arcane interests, he would
have learned that a far greater concern
was the ability to control impurity influx
into the plasma before and especially
during intense neutral beam injection. In
previous beam injection experiments on
many tokamaks, the electron temper-
ature had been ‘‘clamped’’ by impurity-
ion radiation, and power drain to colder
electrons limited the temperature at-
tained by the ions. The PLT experiment
(1) demonstrated that, by using a materi-
al of low atomic number (carbon) for the
discharge limiter and by wall gettering,
harmful impurity-atom influx during in-
tense beam injection can be suppressed,
thereby clearing the way to achieving re-
actor-level temperatures (more than
60 x 10% K for the ions, and more than
40 x 108 K for the electrons).

370

e The PLT achievement was of a qual-
itative as well as a quantitative kind. For
the first time the bulk plasma temper-
ature was sustained by (beam-injected)
superthermal ions whose power input
exceeded the ohmic-heating power by a
large factor (up to 5)—precisely the heat-
ing method required in tokamak reac-
tors, where up to 100 percent of the su-
perthermal ions can be produced by the
fusion reaction itself. It was demon-
strated with the PLT that reactor-level
temperatures of both ions and electrons
can be obtained without interference by
the various instabilities that had also
been predicted to be inherent to the
beam-heating method.  Surprisingly,
your article does not even mention neu-
tral beams.

Details of the PLT results were re-
leased for the first time on 23 August
1978 at the International Atomic Energy
Agency Conference on Controlled Nu-
clear Fusion Research (7).

D. L. JassBY
Plasma Physics Laboratory,
Princeton University,
Princeton, New Jersey 08540
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The statement that MIT’s Alcator still
holds the nearness-to-breakeven record
is based on two measures of fusion per-
formance enumerated by Lawson in 1955
and widely used by fusion researchers to
mark their progress since then, namely,
temperature and the product of density
and confinement time. The idea of using
a single, composite criterion is more re-
cent, and there is no consensus about
which one to use. But any measure that
gives equal weight to the two Lawson mea-
sures (/) shows that the Alcator holds a
marked advantage because of its superi-
or density-confinement time product
(which reached 3 x 10'* cm™* sec in 1977
compared to 3 x 10" for the PLT in
1978).

In any case, the energy gain criterion
(Q,) proposed by Jassby favors neutral
beam-heated experiments and gives
them an advantage over ohmic-heated
experiments that would not carry
through if both types of experiments
were incorporated into a fusion reactor.

The reason for this is that, in tokamak ex-
periments heated with powerful neutral
beam guns, a great deal of the equivalent
fusion power comes from reactions that
occur as the beams hit other beams and
hit the bulk plasma, but very little power
comes from the bulk plasma itself. Yet in

an operating tokamak fusion reactor de-
signed to produce electricity, the neutral
beam guns will only be turned on for a
short time to heat the plasma to its igni-
tion temperature, and the source of fu-
sion power will then be the ‘‘burning’’
bulk plasma. Thus the dominant power
component in the Princeton experiment
has little practical significance. Accord-
ing to H. Eubank at Princeton, beam-
beam and beam-bulk reactors accounted
for up to 99 percent of the equivalent fu-
sion power from the PLT, and the bulk
plasma accounted for about 1 percent. In
the Alcator, which had no neutral beam
guns, the bulk plasma accounted for all
the equivalent fusion power.

The @, criterion, as calculated by
Princeton researchers, shows the energy
gain of the PLT approaching 1 percent.
This figure is apparently the ratio of all
the equivalent fusion power (20 kilowatts
according to Eubank) to the neutral
beam power that actually entered the
tokamak (2 megawatts). But other
sources of power were needed for heat-
ing the plasma. The beam guns, which
were only 33 percent efficient, actually
consumed 6 megawatts of power. The
transformer, which induced the current
circulating through the toroid, consumed
20 to 30 megawatts according to Eubank.
Finally, the toroidal field coils, which
generate the basic toroidal plasma shape,
consumed 150 to 200 megawatts.

A more realistic Q for the PLT experi-
ment would count as power output only
the bulk fusion power and would include
among the power inputs all the beam
power plus the transformer power, at a
minimum. (Both Princeton and MIT re-
searchers argue that the huge toroidal
field power should not be counted be-
cause the toroidal field coils in a practical
reactor would be superconducting.) By
such a Q criterion, the energy gain of the
PLT would be 8 x 107¢ (200 watts per 25
megawatts), on the same order as the
1975 Alcator result.

The firsts that the PLT achieved with
neutral beams—producing a relatively
impurity-free plasma and showing that
there were no beam-induced instabili-
ties—were indeed notable and aus-
picious for future beam experiments. But
it is generally acknowledged that the
neutral beam technology used at Prince-
ton (based on positive ions) cannot be
extrapolated to a reactor-level plasma
because the already modest efficiency
plummets when the beam energy is
raised. [Science discussed neutral beam
technology when it was novel 3 years
ago (Research News, 7 Feb. 1975, p.
422).] Finally, a notable outcome of the
same meeting where the PLT results
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Little things
meanalot
in HPLC

Inlet filters. Rheodyne inlet filters can
be connected between the sample in-
jection valve and the column to protect
the column from plugging. The 2 micron
filter element prevents plugging
caused by particles in the samples or
by injection valve wear particles.
Pressure rating of the filter assembly is
7000 psi (500 bar). Only type 316 stain-
less steel and PTFE contact the stream.
U.S. prices are $40 for the Model
7302 Column Inlet Filter and $20 for a
package of 5 2um filter elements
and gaskets.

Pressure Relief Valve. Rheodyne’s
Model 7037 Pressure Relief Valve
protects your equipment against damage
from over-pressure. You can set it
anywhere in the range of 2000 to

7000 psi (140 to 500 bar). U.S. price

is only $250. So, when you consider the
fact that you can blow a pressure gauge
in less than 1 second, it's a real bargain.

Teflon Rotary Valves. Type 50 Rheodyne
Valves are real workhorse accessories
for your LC equipment.

Use them for sample injection, column
switching, recycling, reagent switching,
fraction collection, stream sampling
and quantitive reagent injection. Avail-
able in four different versions, these
valves are chemically inert with zero
dead volume, operate at 300 psi. They
are offered in 0.8 or 1.5 mm bore and in
either manual or automatic versions.

U.S. price of 0.8 mm bore 3 and 4-way
valves is $70. The 6-position and
sample injection valves are priced at $85.
Cost of 1.5 mm bore valves is $2 more.

Write for more data. For full information,
please address Rheodyne, Inc., 2809
Tenth Street, Berkeley, CA 94710. Phone
(415) 548-5374.
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were presented was the idea that any
type of neutral beam gun may be ren-
dered inoperable in a reactor environ-
ment because there may be no way to
stop thermonuclear neutrons from es-
caping through the neutral beam ports
and disabling the guns.

—WiLLiaM D. METz
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Helping Soviet Scientists

I should like to make some suggestions
with regard to the letters and com-
mentary published on the Russian situa-
tion (11 Aug., p. 482). I think I am quali-
fied to advise in this area, as I spent 45
years in Russia (five of which were spent
waiting for an exit visa to Israel) and was
interrogated, arrested, and imprisoned
there for my activities as a refusenik sci-
entist. Additionally, the current group of
refusenik and imprisoned scientists is
comprised largely of my friends. Follow-
ing are some suggestions which I would
make to Western scientists visiting the
U.S.S.R.

1) Do not ask Soviet scientists for ad-
vice. Some of those who are less careful
in what they say (such as the colleagues
of Dale P.Cruikshank) may be in trouble
in the long run—in this case after the
publication of a letter in Science. Those
who are more guarded—as were the col-
leagues of Charles DeLisi—are probably
not telling the full story.

2) Anyone who does not already pos-
sess a fairly profound knowledge of Rus-
sian life probably should not try to de-
cide what to do by himself, bearing in
mind the maxim that a disease cannot be
cured except by a physician. In this in-
stance, the ‘‘physicians’’ are, for in-
stance, those who belong to the Com-
mittee of Concerned Scientists (the di-
rector is Mark Mellman, 9 East 40
Street, New York 10016). My own ideas
on this point are presented in (/).

3) It should be borne in mind that dis-
sident scientists are still scientists. They
write papers, but they write them in a
Russian style and with flawed English;
they cannot prepare the papers properly,
and their correspondence with scientific
journals is cut off. It would be helpful if
someone could assist in the preparation
of their manuscripts. I have papers right
now from, for example, Y. Orlov, V.
Brailovsky, and I. Brailovsky. Volun-
teers from various fields of science
(physics, mathematics, cybernetics) are
badly needed, since each published pa-
per of a dissident scientist is the result of

someone’s good will and devotion. Inter-
ested persons should contact Mark Mell-
man at the address above.

4) ““‘Excluded scientists’’ will be or-
ganizing an International Conference on
Collective Phenomena in Moscow on 27—
29 December. The participation of West-
ern scientists will be extremely impor-
tant and effective so far as support is
concerned, because those in the Soviet
Union have been deprived of scien-
tific communication. Information about
the conference is available from Minko
Balkanski, co-chairman, Université de
Paris VI, 4 Place Jussieu, 75230 Paris Ce-
dex 05, France.

MARK AZBEL*
Department of Physics,
Tel-Aviv University,
Ramat-Aviv, Tel Aviv, Israel
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The Brains of Geniuses

It is both easy and appropriate to de-
ride the naively mechanistic notion that
science might trace the cause of mental
or moral excellence to the gross physical
structure of a preserved brain (/). Thus,
Einstein’s genius remains elusive—and
his brain remains in a cider box because
no one has identified anything unusual
about it worth publishing. As historical
precedent for a negative result, Nicholas
Wade (News and Comment, 25 Aug., p.
696) cites Rudolph Wagner’s comparison
of a laborer’s brain with that of the great
mathematician Friedrich Gauss. Wagner
found no difference.

Yet Gauss’s brain did not rest in a beer
keg, and Wagner’s results were dis-
missed by all the great craniometricians
who made racism a respectable science
in the 19th century. The dissection of
brains from ‘‘eminent men’’ became a
cottage industry among anatomists and
anthropologists: they pledged them-
selves to each other and practically solic-
ited subscriptions. ‘“To me the thought
of an autopsy is certainly less repugnant
than I imagine the process of cadaveric
decomposition in the grave to be,” ca-
joled one famous enthusiast (2). Gauss’s
brain, at the Columbian value of 1492
grams, was only modestly overaverage,
but he was too magnificent a genius to
lose for the cause. So Paul Broca, the
world’s leading craniometrician, men-
tioned Gauss’s advanced age (78) and
small stature and jacked the figure up (3).
The American E. A. Spitzka summa-
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